Introduction
============

Sleep paralysis involves a period of time at either sleep onset or upon awakening from sleep during which voluntary muscle movements are inhibited. Ocular and respiratory movements remain unaltered, and perception of the immediate environment is clear.[@b1-nss-10-355] Sleep paralysis is most closely linked to rapid eye movement (REM) sleep, as opposed to non-REM (NREM) sleep. REM sleep is associated with vivid dreaming. Throughout periods of REM sleep, there is total muscle atonia (save the eyes and respiratory system).[@b2-nss-10-355] This paralysis is a natural feature of normal REM sleep, possibly driven by GABA and glycine inhibition of motor neurons.[@b3-nss-10-355] One likely reason for this muscle paralysis is to prevent unwanted and dangerous movements from occurring during dreaming, when the cerebral cortex including motor cortex is active.[@b4-nss-10-355],[@b5-nss-10-355] The state of sleep paralysis is thus believed to arise from an ongoing continuation of the REM-induced muscle paralysis into a waking state.[@b6-nss-10-355]

In addition to the ongoing muscle atonia, around 75% of sleep paralysis episodes are typically accompanied by a wide range of bizarre and often terrifying hallucinations.[@b7-nss-10-355] These hallucinations typically fall into three categories.[@b8-nss-10-355],[@b9-nss-10-355] Intruder hallucinations consist of a sense of evil presence in the room, along with vivid multisensory hallucinations of a bedroom intruder. Incubus hallucinations describe a sense of pressure on the chest, often accompanied by sensations of being choked or suffocated. These two categories of hallucinations typically co-occur.[@b8-nss-10-355] The third category, vestibular-motor (V-M) hallucinations involve illusory feelings of movement, out-of-body feelings, and out-of-body autoscopy.[@b9-nss-10-355]

It is possible that the hallucinatory content of sleep paralysis may result from the intrusion of REM-generated dream mentation into wakefulness. However, dream and sleep paralysis imagery differ greatly from one another. The vast majority (up to 90%) of sleep paralysis episodes are associated with fear.[@b8-nss-10-355] This contrasts with \~30% of dreams being rated as frightening.[@b10-nss-10-355] In a study comparing the contents of sleep paralysis and dream reports, sleep paralysis episodes were found to be emotionally uniform, feature more aggressive "characters," and the "dreamer" was more frequently the victim of attacks compared with typical dreams.[@b11-nss-10-355] Around 10% of those who experience sleep paralysis report that episodes lead to clinically significant levels of distress, and 7% report that sleep paralysis interferes with other aspects of their lives.[@b12-nss-10-355] Despite this not all episodes are fearful, with one survey finding that as many as 20% of those who experience sleep paralysis have had pleasant episodes.[@b13-nss-10-355]

One of the primary differences between sleep paralysis and other states such as dreaming and nightmares is the fact that the individual is awake during the experience. Determining wakefulness is challenging however, especially when using subjective reports. Objective assessments of sleep paralysis have been able to confirm that the eyes do open during episodes and that brain activity shifts from REM sleep activity to a combined state containing both REM sleep and wake-like features (see the section: Objective sleep measurements for full discussion of this work).[@b14-nss-10-355],[@b15-nss-10-355] For subjective assessments it is more difficult, as episodes of sleep paralysis could be explained as a dream in which they believe they are awake, as opposed to actually being awake. Indeed, the phenomenon of false awakenings describes a very similar state. A false awakening is an experience in which individuals falsely believe that they have woken up, only to discover subsequently that the perceived awakening was part of a dream. Like sleep paralysis, false awakenings are reported to be highly realistic[@b16-nss-10-355] and can lead to anxiety in some cases.[@b17-nss-10-355]

Prevalence estimates of lifetime episodes of sleep paralysis vary widely, with one systematic review suggesting a lifetime prevalence estimate of 7.6% (with individual study estimates ranging from 2% to 60%).[@b18-nss-10-355] In a meta-analysis focusing specifically on incubus experiences, a lifetime prevalence of 11% was found.[@b19-nss-10-355] A large number of variables have been associated with sleep paralysis.[@b20-nss-10-355] In particular, sleep paralysis is more common in student and psychiatric samples.[@b18-nss-10-355] Specifically, patients with post-traumatic stress disorder and panic disorder have consistently been found to have elevated rates of sleep paralysis.[@b21-nss-10-355]--[@b26-nss-10-355] In nonclinical samples, heightened levels of stress, exposure to potentially threatening events such as the death of a family member, anxiety, and general poor mental health all appear to be associated with the presence of episodes.[@b20-nss-10-355],[@b21-nss-10-355],[@b27-nss-10-355]--[@b29-nss-10-355]

Perhaps unsurprisingly, the presence and frequency of sleep paralysis share a close relationship with poor sleep quality more generally. Understanding the nature of this association is important both for furthering our basic understanding of sleep paralysis and for the purposes of developing treatments to reduce or even eliminate sleep paralysis in those who suffer worst from it. The aim of this article is to review the current literature on sleep paralysis and sleep quality. Studies looking at both subjective and objective aspects of sleep and its relationship to sleep paralysis will be reviewed. The presence of sleep paralysis in other sleep disorders will also be discussed.

Linking components of subjective sleep quality to sleep paralysis
=================================================================

Using otherwise healthy participants, a number of studies have found a link between subjectively rated sleep quality and occurrence of sleep paralysis. Using just a single item to assess sleep quality (How would you assess the quality of your sleep during the previous month?), one study in a large Chinese sample found that those who rated their sleep as either very good or good had significantly smaller odds of experiencing sleep paralysis than those who said their sleep was either very bad or bad.[@b30-nss-10-355] A similar result was found in a Japanese sample that assessed sleep paralysis in over 90,000 participants.[@b31-nss-10-355]

Sleep quality, however, is a multifaceted construct and can encompass many different factors such as sleep duration, sleep latency, as well as more subjective aspects such as the "restfulness" of sleep. As such, using a questionnaire that taps into these different factors is more insightful than asking a single question. A few studies have examined the relationship between occurrence of sleep paralysis and scores on questionnaire measures of sleep quality, such as the Pittsburgh Sleep Quality Index (PSQI).[@b32-nss-10-355] The PSQI is an 18-item questionnaire assessing seven components of sleep quality and disturbance over a 1-month period. The measure yields seven component scores (subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction) as well as a global score, which is the sum of the seven components.[@b32-nss-10-355]

In Chinese--Taiwanese patients with obstructive sleep apnea (OSA), sleep paralysis was significantly positively associated with global PSQI score.[@b33-nss-10-355] Similar results were found in a sample of Japanese students.[@b34-nss-10-355] A limitation of these two studies, however, was that it was not shown if sleep quality, as measured by global PSQI score, significantly predicted sleep paralysis independent of other known predictors of sleep paralysis such as anxiety symptoms.[@b20-nss-10-355] One study of sleep paralysis in UK participants examined a range of potential predictors for sleep paralysis, including sleep quality (as measured by PSQI global score), age and sex, anxiety symptoms, depressed mood, lifetime exposure to threatening events, alcohol and caffeine intake, and smoking behavior.[@b27-nss-10-355] Along with anxiety symptoms and lifetime exposure to threatening events, this study showed that poor sleep quality was an independent predictor of sleep paralysis in a multiple predictor model.

Only one study has examined which of the seven components of the PSQI best predicts sleep paralysis.[@b35-nss-10-355] Results of this work showed that longer sleep latency and increased daytime dysfunction were significantly associated with sleep paralysis. The sleep disruption component was also significant but did not survive multiple comparison correction.[@b35-nss-10-355] This suggests that sleep latency \[how long it takes to fall asleep, assessed by the PSQI by the items "During the past month, how long (in minutes) does it usually take you to fall asleep at night" and "During the past month, how often have you had trouble sleeping because you cannot get to sleep within 30 minutes"\] and daytime dysfunction (the impact bad sleep has on waking life, assessed by the items "During the past month, how often have you had trouble staying awake while driving, eating meals, or engaging in social activity" and "During the past month, how much of a problem has it been for you to keep up enough enthusiasm to get things done") are the most important aspects of sleep quality associated with sleep paralysis.

As well as general sleep quality, a few studies have also linked sleep paralysis to insomnia symptoms. Measuring symptoms of insomnia using Insomnia Symptoms Questionnaire,[@b36-nss-10-355] one study found a significant association between sleep paralysis and insomnia symptoms.[@b35-nss-10-355] Interestingly, this study found that when insomnia symptoms and global sleep quality were placed in the same regression model, only heightened insomnia symptoms independently predicted sleep paralysis. This may suggest that symptoms of insomnia are a more important predictor of sleep paralysis than general sleep quality. In a different study using the Sleep Condition Indicator (SCI) to assess insomnia symptoms,[@b37-nss-10-355] total scores on the SCI significantly predicted the frequency of sleep paralysis independent of age, gender, daydreaming frequency and style, dissociative experiences, mindfulness, sensory imagery, symptoms of anxiety and depression, life stress, and paranormal and conspiracy beliefs.[@b28-nss-10-355] While increased insomnia symptoms also predicted increased frequency of intruder and incubus hallucinations, it was not associated with the intensity of hallucinations.[@b28-nss-10-355] Difficulty maintaining sleep was found to be a significant independent predictor of sleep paralysis occurrence in a sample of Chinese participants, whereas other insomnia symptoms such as difficulty initiating sleep and subjective insufficient sleep were not significant in a multivariate model (but were in univariate analyses).[@b38-nss-10-355] One study found that self-reported insomnia (defined as waking up repeatedly during the night) occurring five or more times a month was associated with increased odds of experiencing sleep paralysis compared with experiencing insomnia less than five times a month.[@b29-nss-10-355] Variables associated with insomnia such as increased cognitive and somatic presleep arousal have been linked to sleep paralysis.[@b35-nss-10-355] Furthermore, faulty cognitions about sleep, such as being worried about losing control over one's own ability to sleep and being overwhelmed by thoughts at night and feeling that one has no control over these thoughts, has been associated with increased odds of sleep paralysis in one study.[@b35-nss-10-355]

Given the close association between sleep paralysis and sleep quality, it is possible that they show significant genetic overlap. Recently, sleep and circadian rhythm genes have been implicated in sleep paralysis. Sleep paralysis has been shown to be heritable in twin studies,[@b27-nss-10-355] and variation in the PER2 gene (single nucleotide polymorphism rs2304672) has been shown to increase the odds of having experienced sleep paralysis.[@b27-nss-10-355] PER2 is a member of the Period (PER) family of genes and plays an important role in the regulation of circadian rhythms, such as the sleep--wake cycle.[@b39-nss-10-355],[@b40-nss-10-355] In rodent studies, PER1/PER2 double knockout mice become totally arrhythmic in darkness, suggesting that these genes play an important role in keeping a consistent circadian cycle.[@b39-nss-10-355] It may be that dysregulation of the regular sleep--wake cycle increases the risk of experiencing sleep paralysis.[@b41-nss-10-355] An interesting future study would be to use multivariate genetic models to investigate whether similar genetic influences underlie both sleep paralysis and sleep quality.

As well as potential shared genetic influences, sleep quality may act as a mediator in the relationship between other stressors and sleep paralysis. Variables such as exposure to threatening events (eg, a death of a close friend or sibling, separation due to marital difficulties), life stress, and anxiety/depression symptoms have been consistently linked to sleep paralysis[@b20-nss-10-355] and have also been associated with general sleep quality.[@b42-nss-10-355]--[@b44-nss-10-355] An interesting hypothesis is that, for example, a period of heightened stress may cause a decline in general sleep quality, which in turn increases the risk of experiencing sleep paralysis. Unfortunately, direct testing of this claim has not been performed. This is due to the fact that no longitudinal studies of sleep paralysis have been conducted to date. One possibility would be to use existing large datasets and perform mediated regression analyses.[@b45-nss-10-355] This may help elucidate whether factors such as stress, depression, and anxiety are directly related to sleep paralysis or, as hypothesized here, they are related indirectly through first reducing sleep quality.

A reduction in sleep quality as a consequence of sleep paralysis should also be considered, especially in cases where sleep paralysis leads to significant levels of fear and postepisode distress.[@b12-nss-10-355],[@b22-nss-10-355] A number of factors have been shown to be linked to postepisode distress, including fear and threat/assault experiences during sleep paralysis, general psychological stress, and supernatural beliefs about the nature of the episode.[@b46-nss-10-355] How postepisode distress relates to sleep quality has yet to be addressed. One possibility is that, following a fearful episode of sleep paralysis, sleep may be further disrupted by the individual trying to avoid sleep due to fear of sleep paralysis. Relatedly, the individual may lie awake at night before falling asleep worrying about having sleep paralysis again during the night. This idea is supported by one study, which found that dysfunctional beliefs about sleep and levels of presleep arousal were both predictive of sleep paralysis.[@b35-nss-10-355] Again, this was a cross-sectional study making it impossible to say whether these variables were a cause or consequence (or both) of sleep paralysis.

There is mixed evidence that factors such as bedtime and waking up time show any relationship with sleep paralysis. Two studies found that, with bedtime before 22:00 hours as a reference, going to bed between 22:00 and 00:00 hours was associated with reduced odds of sleep paralysis, while going to bed between 00:00 and 02:00 hours was associated with increased odds.[@b30-nss-10-355],[@b31-nss-10-355] Other research, however, has not found a link.[@b34-nss-10-355] With regard to waking up time, no relationship to sleep paralysis has been found.[@b34-nss-10-355] It is also unclear whether amount of sleep is associated with sleep paralysis, with research finding both longer and shorter durations predict sleep paralysis, as well as other studies finding no relationship.[@b30-nss-10-355],[@b31-nss-10-355],[@b34-nss-10-355],[@b35-nss-10-355],[@b38-nss-10-355] While overall sleep length may not be related to sleep paralysis, one study found that sleep paralysis episodes are most likely to occur in the beginning and middle of sleep compared with the end.[@b47-nss-10-355] Sleep paralysis most often occurs when lying in the supine position. However, sleeping position while falling asleep shows no relationship with sleep paralysis.[@b47-nss-10-355],[@b48-nss-10-355] Finally, sleeping in the same room/bed with a partner has been shown to not predict sleep paralysis.[@b35-nss-10-355]

Other "anomalous" and/or potentially distressing sleep experiences appear to co-occur with sleep paralysis. For example, exploding head syndrome, the experience of hearing loud noises in one's head at either wake-sleep or sleep--wake transitions,[@b1-nss-10-355] has been associated with sleep paralysis in a couple of studies.[@b49-nss-10-355],[@b50-nss-10-355] Multiple studies have found a relationship between sleep paralysis and nightmare frequency.[@b31-nss-10-355],[@b34-nss-10-355],[@b51-nss-10-355] Disruptive nocturnal behaviors, which are sleep disturbances commonly associated with stress and trauma,[@b52-nss-10-355] also predicted the presence of sleep paralysis independent of general sleep quality in one study.[@b35-nss-10-355] In this context, disruptive nocturnal behaviors included phenomena such as nightmares of a traumatic experience, trouble sleeping due to general nervousness, and episodes of terror or screaming during sleep.

Anecdotal reports suggest that sleep paralysis and lucid dreaming are related.[@b53-nss-10-355] A lucid dream is a dream involving awareness of dreaming and is characterized by increased insight, control, access to waking memories, dissociation from one's own body, logical thought, and positive emotion, in contrast to nonlucid dreams.[@b54-nss-10-355],[@b55-nss-10-355] Intriguingly, some anecdotal accounts of sleep paralysis experiences suggest that it is possible to move from a sleep paralysis state into a lucid dream and vice versa.[@b53-nss-10-355] Systematic testing of this claim is still lacking; however, cross-sectional research has found a relationship.[@b28-nss-10-355],[@b56-nss-10-355] They showed that there was a significant correlation between frequency of sleep paralysis episodes and frequency of lucid dreams, based on self-report. Furthermore, one study found that lucid dreaming appeared to be specifically related only to those episodes of sleep paralysis that contained V-M hallucinations. Intruder/incubus type episodes were not significant predictors of lucid dreaming frequency.[@b28-nss-10-355] Other work using factor analysis methods on a wide range of unusual sleep experiences found experiences of intruder hallucinations fell on a different factor to lucid dreaming, also suggesting that lucid dreaming is not associated with intruder hallucinations.[@b57-nss-10-355] One possible explanation for this finding could be with control. Intruder experiences during sleep paralysis are consistently described as the individual having little to no control over the experience, such as the intruder hallucination is forcing the person to remain paralyzed or that the intruder is attacking the individual, and there is nothing they can do about it. Lucid dreaming is the clear opposite of this, as it is in part defined as being able to exert control over the dream. Anecdotal evidence suggests that V-M hallucinations can be controlled, are more positively valanced, and can be manipulated to induce out of body experiences, supposed "astral projection", and also as a way to enter lucid dreams.[@b53-nss-10-355] Systematic tests of these claims are a clear area for future research, as being able to gain control of sleep paralysis episodes to control the content may be a useful technique to disrupt episodes and turn them into positive experiences.

It has been proposed that the common co-occurrence of different anomalous sleep experiences may be due to dissociation.[@b41-nss-10-355],[@b57-nss-10-355] Dissociation is defined by the Diagnostic and Statistical Manual of Mental Disorder-V as "a disruption in the usually integrated function of consciousness, memory, identity, or perception of the environment."[@b58-nss-10-355] Typically, the core features of dissociation are derealization (the feeling of disconnection from the world around you, eg, feeling like reality is a dream or movie) and depersonalization (the feeling of disconnection from oneself, eg, feeling as though you are separated from your body). Indeed, several studies have found sleep paralysis to be linked to levels of dissociative experiences, both in the context of severe trauma[@b59-nss-10-355],[@b60-nss-10-355] and in healthy samples.[@b28-nss-10-355],[@b61-nss-10-355] Furthermore, many studies have found levels of dissociation to be associated with a variety of sleep experiences such as bizarre dreams, hypnagogic hallucinations, and nightmares.[@b41-nss-10-355] Of note, the link between sleep and dissociation has not only been found in cross-sectional questionnaire-based studies but a causal role of sleep disturbance in dissociative symptoms has been shown in studies of sleep deprivation, which found that the loss of sleep promoted increased dissociation.[@b62-nss-10-355] In a different longitudinal study, it was found that sleep normalization led to reduced symptoms of dissociation across a 6- to 8-week period.[@b63-nss-10-355] It should be noted that this study employed participants from an inpatient unit, who displayed a wide range of psychiatric and substance abuse disorders. The results of this work have led to the suggestion that individuals predisposed to a labile sleep--wake cycle (possibly due to genetic factors) promote the intrusions of sleep phenomena into waking consciousness, which may foster symptoms of dissociation. It is also possible that dissociative experiences lead to increased sleep disturbance, making a bidirectional relationship possible.[@b41-nss-10-355]

Objective sleep measurements
============================

Compared with the literature on subjective sleep variables, very little research on sleep paralysis using objective measures has been performed. This is at least partly due to the relative rarity of sleep paralysis, with it being particularly unusual to have individuals who experience sleep paralysis so frequently that they are likely to have an episode on any given night in a sleep laboratory. For example, in generally healthy samples, only 0.5% of participants report experiencing sleep paralysis multiple times a week.[@b35-nss-10-355]

A couple of studies have used polysomnography (PSG), the gold standard for objective sleep recording, to identify potential differences in sleep architecture between those who report experiences of sleep paralysis compared with those who do not. In patients with OSA, no differences were found between patients also reporting sleep paralysis, compared with patients not reporting sleep paralysis, on any of the PSG measures reported.[@b33-nss-10-355] These measures were sleep efficiency (the percentage of time in bed that the individual was asleep), sleep latency (the number of minutes taken to fall asleep), REM sleep latency (the time taken to enter the first period of REM sleep), and percentage of the night spent in any particular stage (NREM stage 1, NREM stage 2, NREM stage 3, NREM stage 4, REM).[@b33-nss-10-355] This study was impressive in its sample size, with 41 participants with sleep paralysis and 66 without.

In a different study, potential objective sleep variables associated with sleep paralysis were investigated in 10 participants who reported between six episodes a year and one to three episodes a week and were otherwise healthy. They were compared with 10 narcolepsy patients and 10 healthy controls.[@b64-nss-10-355] This study found no differences between the three groups in sleep efficiency or percentage of times in all NREM sleep stages. Percentage of REM time was numerically lower in the sleep paralysis group compared with the narcolepsy and control groups (18.2% vs 22.5% and 19.5%), but this difference was not significant. Sleep latency was found to be significantly longer in the sleep paralysis group (40.6 minutes) compared with the other two groups (narcolepsy: 19.5 minutes, controls: 19.2 minutes). In addition, REM latency was found to be longer in sleep paralysis participants (83.2 minutes) compared with the narcolepsy group (32.1 minutes) but not different from the healthy controls (98.7 minutes).[@b64-nss-10-355]

From the very limited literature, little appears to be predictive of sleep paralysis in terms of objective sleep measurements, with the exception of long sleep latency found in one study.[@b64-nss-10-355] This finding has also been reported in studies investigating subjective sleep variables associated with sleep paralysis.[@b35-nss-10-355] The mechanism as to how longer sleep latency could be associated with sleep paralysis remains unclear, however, and warrants further research. One possibility is that the longer sleep latency is reflective of greater presleep arousal and heightened insomnia symptoms seen in those who have experienced sleep paralysis.[@b35-nss-10-355]

Both of the above PSG studies did not attempt to record actual episodes of sleep paralysis in the laboratory environment. It is possible that in terms of general, trait-like sleep architecture, little distinguishes those who experience sleep paralysis from those who do not. It is likely, however, that on a night that sleep paralysis occurs, differences in PSG measures can be seen. A couple of studies have attempted to measure sleep paralysis episodes using PSG by eliciting sleep paralysis through interruption of the sleep cycle.

In the first study to attempt this, 16 participants who reported having at least two lifetime episodes of sleep paralysis spent seven consecutive nights in a sleep laboratory.[@b15-nss-10-355] Sleep was systematically disrupted in an attempt to induce an episode of sleep paralysis. Sleep was interrupted after 40 minutes of NREM sleep had elapsed from the termination of an REM period either in the first or third sleep cycle. After awakening due to the sleep interruption, participants performed an auditory vigilance task for 40 minutes. Following the task, participants went back to sleep and were awakened again after 5 minutes of REM sleep had elapsed. Following this awakening, participants were asked whether they had experienced sleep paralysis. From a total of 64 sleep interruptions, a total of six episodes of sleep paralysis were elicited (9.4%). All six episodes occurred after participants went back to sleep following the vigilance task. All but one of the episodes occurred following a sleep-onset REM period (SOREMP), which is when a participant goes from being awake straight into REM sleep. The link between sleep paralysis and SOREMPs was supported in a subsequent study by the same authors.[@b65-nss-10-355] In this study, of 13 participants who self-reported at least two lifetime episodes of sleep paralysis, eight episodes of sleep paralysis were elicited from 184 sleep interruptions (4.3%). As before, the majority of episodes occurred during/following a SOREMP (six/eight episodes). These two studies suggest a close relationship between sleep paralysis and REM sleep and particularly with unusual episodes of REM sleep that occur directly after wakefulness ([Figure 1A](#f1-nss-10-355){ref-type="fig"}).

PSG recordings of the episodes suggest that the state of sleep paralysis can be described as a "mixed" state of consciousness, blending elements of wakefulness, and REM sleep.[@b14-nss-10-355],[@b15-nss-10-355] As shown in [Figure 1B](#f1-nss-10-355){ref-type="fig"}, EEG activity during the episodes showed abundant alpha activity being mixed with more typical REM activity. Alpha activity in the EEG is typically associated with quiet wakefulness and is normally absent during REM sleep. The mixed wake-REM sleep brain activity that was seen during sleep paralysis episodes occurred alongside continued muscle atonia, as shown by the flat-lined EMG signal throughout the episode. This indicates that the muscles are indeed paralyzed during episodes and likely represents a continuation of the normal atonia seen during REM sleep into a waking state of consciousness.

Additional evidence that sleep paralysis is a dissociated state, mixing wake and REM brain activity can be found from a case study of a single subject who's sleep paralysis episodes were recorded with PSG.[@b66-nss-10-355] They recorded EEG both from an eyes-closed waking state (when there is abundant alpha activity), a regular period of REM sleep, and a sleep paralysis episode. They then showed that statistically combining the waking and REM sleep periods together, the resulting activity was indistinguishable from the actual paralysis episode ([Figure 1C](#f1-nss-10-355){ref-type="fig"}). This finding, while only from a single participant, adds further evidence to the viewpoint that sleep paralysis is a mixture of waking and REM brain activity.

Theoretically, the conscious state of sleep paralysis can be modeled within the activation-input-modulation (AIM) framework,[@b67-nss-10-355],[@b68-nss-10-355] see also [Figure 1D](#f1-nss-10-355){ref-type="fig"}. The AIM model is a descriptive framework with three parameters within which different conscious states differ.[@b69-nss-10-355] Waking can be modeled as: 1 -- a state of high neural activation; 2 -- a dominance of external (environmental) over internal input; and 3 -- high monoaminergic modulation. Normal REM sleep consists of: 1 -- high activation, 2 -- dominance of internal over external input, and 3 -- cholinergic neuromodulation thought to account for the bizarre features of dream mentation. Sleep paralysis can be modeled as a mixture of these two states: 1 -- high activation, 2 -- mixed external and internal input, 3 -- mixed neuromodulation. Direct evidence for both the activation and the input components has been shown. PSG evidence demonstrating sleep paralysis episodes containing REM and wake-like EEG activity confirms high neural activation.[@b14-nss-10-355],[@b15-nss-10-355],[@b66-nss-10-355] Mixed internal input is evidenced by the frequent reports of hallucinations that occur during sleep paralysis (internal input), while being awake and perceiving the immediate bedroom environment. It is on the input dimension that sleep paralysis differs from lucid dreaming. In former, there is a mixture of internal and external input, whereas the latter contains only internal input.

Brain regions/networks associated with sleep paralysis are currently unknown. During regular REM sleep, the stage of sleep most often associated with vivid dreaming, regions including medial prefrontal cortex, medial temporal lobe structures, motor cortex, and the anterior cingulate are activated, along with structures such as the pons/midbrain, caudate nucleus, and the amygdala. Conversely, dorsolateral prefrontal cortex, orbitofrontal cortex, and regions of the posterior cingulate cortex, inferior parietal cortex, and pre-cuneus are deactivated relative wakefulness.[@b5-nss-10-355],[@b70-nss-10-355] Reactivation of some of these regions, particularly in frontal areas, has been shown to occur during lucid dreaming, explaining the increased metacognitive abilities found in this state.[@b71-nss-10-355]--[@b73-nss-10-355]

With regard to sleep paralysis, overactivation of the amygdala has been proposed to contribute to high levels of fear experienced during sensed presence/intruder hallucinations.[@b8-nss-10-355] The amygdala along with other limbic structures and the medial prefrontal cortex is involved in the recognition of processing of fear.[@b74-nss-10-355],[@b75-nss-10-355] Activation of these structures during REM sleep is believed to be related to the consolidation of emotional memories and fear extinction. Overactivation of the amygdala during REM sleep has been hypothesized to be involved in the generation of nightmares.[@b76-nss-10-355],[@b77-nss-10-355] In sleep paralysis, the individual becomes awake and conscious of their surroundings while still in a (partial) state of REM sleep. As such, fear-processing networks remain highly active, despite no immediate threat in the environment. This paradoxical state may then lead to the sense of an "evil" but unseen presence commonly reported during intruder-type sleep paralysis episode. Additionally, the fear associated with the sensation of paralysis, along with commonly reported breathing difficulties, is likely to increase fear-processing related activations even further.[@b78-nss-10-355]

A different set of brain structures are likely to be implicated in V-M hallucinations. The posterior cingulate cortex has been shown to play an important role in the integration of self-location and perceived body ownership[@b79-nss-10-355] and is typically deactivated during REM sleep. Additionally, the temporo-parietal-junction (TPJ) has been hypothesized to play a role.[@b80-nss-10-355] In the context of out-of-body experiences more generally, disruption of TPJ processing has been argued to cause a failure to integrate vestibular, proprioceptive, tactile, and visual information relevant to the body.[@b81-nss-10-355],[@b82-nss-10-355] Given that pontine vestibular centers (which contribute to functions such as spatial orientation, movement, and balance) are closely associated with the pons, which is activate during REM sleep, and inferior parietal areas are deactivated, a multisensory integration failure seems a plausible explanation of V-M type hallucinations.

In summary, work on objective predictors and measurements of sleep paralysis are limited. From the few studies conducted to date, sleep latency and sudden-onset REM periods may be predictors of sleep paralysis occurrence. Of the studies that have recorded brain activity during sleep paralysis, results suggest sleep paralysis to be a dissociated state of consciousness, combining a mixture of waking and REM sleep brain states. Knowledge of brain regions and networks that activate during sleep paralysis are currently unknown; however, a number of potentially key areas have been proposed.

Sleep paralysis in other sleep disorders
========================================

Narcolepsy
----------

Sleep paralysis is a common feature of narcolepsy, a neurological disorder afflicting 0.02% of the population. It is characterized by disturbed nocturnal sleep patterns, excessive daytime sleepiness, cataplexy, hypnagogic hallucinations, and sleep paralysis. Despite being removed as a diagnostic criteria in the most recent edition of the International Classification of Sleep Disorders,[@b1-nss-10-355] sleep paralysis is common in the disorder -- being present in anywhere between 25% and 70% of cases.[@b83-nss-10-355] It is possible that sleep paralysis may share some physiological basis with cataplexy. Cataplexy is a sudden and uncontrollable muscle paralysis that occurs during wakefulness. It has been theorized that cataplexy represents the tendency for the occurrence of REM-related phenomena (namely muscle atonia) in wakefulness.[@b84-nss-10-355] Interestingly, hallucinations are more common in narcolepsy patients with cataplexy compared with narcolepsy without cataplexy.[@b85-nss-10-355] Furthermore, sleep paralysis is more common in narcolepsy with cataplexy patients (53%) compared with narcolepsy without cataplexy (32%).[@b86-nss-10-355] It is widely believed that the cause of narcolepsy is a deficiency in the hypothalamic neuropeptide hypocretin.[@b87-nss-10-355]

In patients with low levels of cerebral spinal fluid (CSF) hypocretin-1, there is a higher rate of sleep paralysis (52%) compared with patients with normal CSF hypocretin-1 (33%).[@b88-nss-10-355] Despite differences in frequency of episodes, the severity of sleep paralysis did not differ between the two groups.[@b88-nss-10-355] Hypocretin deficiency is believed to be an autoimmune response,[@b87-nss-10-355] with almost all narcolepsy with cataplexy patients testing positive for the human leukocyte antigen subtypes DR2/DRB1\*1501 and DBQ1\*0692. However, DR2/DBQ1 positivity has not been found to be linked to sleep paralysis.[@b89-nss-10-355],[@b90-nss-10-355] Overall, it appears that low CSF hypocretin-1 is linked with increased frequency of sleep paralysis. Although DR2/DBQ1 positivity has not been linked to the occurrence or severity of sleep paralysis, one of these studies used a very small sample size (n=22).[@b89-nss-10-355] Future research is therefore warranted on this topic due to the small number of studies that have been performed to date.

Idiopathic hypersomnia
----------------------

Like narcolepsy, idiopathic hypersomnia is a condition also featuring excessive daytime sleepiness, though cataplexy is not present. The diagnosis is tricky, as it requires the exclusion of other causes of excessive daytime sleepiness, which can be difficult to ascertain.[@b91-nss-10-355] One study found a high prevalence of sleep paralysis in hypersomnia patients (40%), which was not statistically different from narcolepsy patients with (53%) and without (32%) cataplexy.[@b86-nss-10-355] Another study found sleep paralysis to be present in \~27% of hypersomnia patients.[@b92-nss-10-355] When comparing patients with and without a long-sleep time, no difference in sleep paralysis prevalence was found.[@b92-nss-10-355] In this study, the distinction between idiopathic hypersomnia with and without long-sleep time was made according to American Academy of Sleep Medicine guidelines with idiopathic hypersomnia with long sleep time defined as excessive daytime sleepiness with an average total sleep time of \>10 hours.[@b1-nss-10-355],[@b92-nss-10-355] Two other studies, however, found sleep paralysis to be far less common in idiopathic hypersomnia patients (4%--10%).[@b93-nss-10-355],[@b94-nss-10-355] In summary, it is unclear whether sleep paralysis is clearly associated with sleep paralysis. No studies have directly contrasted rates of sleep paralysis in patients to matched controls. Given the diagnostic difficulty, and large heterogeneity that exists within patients,[@b91-nss-10-355] it may be that only a certain subgroup of patients are at a heightened risk of sleep paralysis.

Obstructive sleep apnea
-----------------------

OSA is defined as repetitive episodes of complete or partial upper airway obstruction during sleep. In a study of OSA patients, 38% of the sample reported sleep paralysis.[@b33-nss-10-355] In a different study contrasting OSA patients with and without excessive sleepiness to healthy controls, a higher prevalence rate was found in OSA patients with excessive sleepiness (20%) compared with OSA without excessive sleepiness (0%) and healthy controls (5%).[@b95-nss-10-355] The mechanism by which OSA increases the risk of sleep paralysis is still unclear. One possibility is that REM sleep may be fragmented due to airway restriction.[@b84-nss-10-355] Although apneas can occur at any point during sleep, the withdrawal of excitatory noradrenergic and serotonergic inputs to upper airway motor neurons during REM sleep reduces pharyngeal muscle activity and increases the propensity for upper airway collapse.[@b96-nss-10-355] This means that the REM sleep of OSA patients is particularly vulnerable to disruption.[@b84-nss-10-355] Up to 36% of OSA patients experience apneas primarily during REM sleep, and it would be interesting to investigate whether these patients are at an especially high risk of sleep paralysis.[@b84-nss-10-355],[@b97-nss-10-355] In these patients, it is possible that the amount of REM sleep restriction is a significant predictor of sleep paralysis.

Insomnia disorder
-----------------

It is unclear what is the relationship between sleep paralysis and insomnia disorder. Insomnia is a highly prevalent condition broadly involving difficulties going to and/or maintaining sleep. In a study of over 8,000 participants, where diagnosis was established via a computer program, those with severe sleep paralysis (defined as at least one episode per week) were found to have higher rates of insomnia (7.6%) than those with less severe sleep paralysis (those who experience one episode a month or less) (5.5%) or no sleep paralysis (1.7%).[@b98-nss-10-355] However, in a multiple predictor model, insomnia was not a significant independent predictor of sleep paralysis.[@b98-nss-10-355] Using a similar method in a Spanish sample of 4,065 individuals, it was found that prevalence of sleep paralysis did not differ between those with and without an insomnia diagnosis.[@b99-nss-10-355] While little evidence has found significantly higher rates of sleep paralysis in those with an insomnia disorder, as seen previously some research has found that increased insomnia symptoms in otherwise healthy individuals does show a link to sleep paralysis.

In the most comprehensive examination of sleep paralysis in multiple sleep disorders to date, Ohayon et al surveyed sleep paralysis and potential predictors in 8,085 participants from Germany and Italy.[@b98-nss-10-355] Diagnosis of sleep disorders was carried out using lay investigators and a computer program (Sleep-EVAL). Using the International Classification of Sleep Disorders 1990 (ICSD-90) minimal criteria, participants who had experienced sleep paralysis were found to have higher rates of circadian rhythm disorder, psychophysiologic insomnia, OSA, periodic limb movement disorder, narcolepsy, confusional arousals, nocturnal leg cramps, sleep starts (also known as hypnic or hypnagogic jerks--sudden, brief, and strong contractions of the body or one or more body segments that occur when falling asleep), and sleep talking.[@b98-nss-10-355] However, in a multiple predictor model, where the various contributions of multiple different factors to the presence of sleep paralysis was assessed, the only sleep disorder to independently predict sleep paralysis was nocturnal leg cramps.[@b98-nss-10-355]

In summary, it appears that sleep paralysis may be associated with a number of other sleep disorders. With the possible exception of narcolepsy, the exact nature of the relationship is unclear and comorbidity is not certain. Further research into sleep paralysis appearing in other sleep disorders is therefore warranted. This is especially true seeing as narcolepsy patients report sleep paralysis to be the most distressing aspect of the illness.[@b84-nss-10-355] How it may affect patients with other sleep disorders is an important avenue for future research to explore.

Relevance to treatment
======================

The reviewed literature has clearly shown sleep quality to be linked with sleep paralysis. As such, any interventions designed to reduce/eliminate sleep paralysis need to take the patient's general sleep quality into account. A number of behavioral interventions for sleep paralysis have been proposed, but systematic testing is lacking.[@b84-nss-10-355],[@b100-nss-10-355],[@b101-nss-10-355] A cognitive behavioral therapy for sleep paralysis now exists and includes a screening for insomnia at initial assessment.[@b84-nss-10-355] Given the findings of this review, consistent checks as to the patient's sleep quality/insomnia symptoms throughout the treatment period should be performed. In addition, the co-occurrence of other sleep experiences such as nightmares and exploding head syndrome should be considered.

More generally, trying to maintain good sleep quality may be preventative to experiencing sleep paralysis. In a study that asked participants to describe methods used to prevent sleep paralysis episodes, changes to sleeping patterns were advocated by participants as being the most successful prevention technique.[@b12-nss-10-355] Techniques such as attaining a more regulated sleep schedule, stopping taking naps, and falling asleep in a different position were listed as specific changes participants made.[@b12-nss-10-355] As well as preventing episodes, being able to disrupt episodes as they occur may be an important coping strategy. In one study, 70% of participants reported trying to disrupt sleep paralysis episodes as they are happening compared with just 19% who tried to prevent episodes.[@b12-nss-10-355] Specifically, attempting to move extremities and other body parts such as the mouth or torso was the most frequently reported disruption techniques.[@b12-nss-10-355]

Being able to disrupt episodes is likely to bring about a reduction in the fear/distress associated with sleep paralysis, as the individual becomes able to control and end the episode at will. As such, the reduced distress will mean that further reduction in sleep quality due to attempts to avoid sleeping will not occur. Lucid dreaming has been suggested as a potential treatment for nightmares, by allowing the individual to control the dream content thus being able to end the nightmare.[@b102-nss-10-355]--[@b104-nss-10-355] Given that lucid dreaming appears to be associated with aspects of sleep paralysis that more typically are associated with positive experiences[@b28-nss-10-355] (ie, V-M hallucinations),[@b9-nss-10-355],[@b80-nss-10-355] learning to lucid dreaming techniques to help regain control of the episode or even transform sleep paralysis into a lucid dream may be an effective technique that warrants systematic testing. Indeed, the practice of transforming sleep paralysis episodes into more positive experiences such as lucid dreaming is actively sought after by many individuals and may be linked to spiritual experiences for some.[@b105-nss-10-355],[@b106-nss-10-355] It is unfortunate that these potential positive aspects of sleep paralysis have generally been ignored in the literature, and future research should aim to tackle the question of whether transforming negative sleep paralysis episodes into positive experiences is feasible in all individuals.

Limitations of the current literature and future directions
===========================================================

Despite the number of studies being limited, the work carried out to date has provided great insights into how sleep paralysis is linked to other aspects of sleep. Results from survey studies have revealed a number of different aspects of sleep to be linked to sleep paralysis. Of note, many of these studies have used large sample sizes, which is a great strength to the work. However, there are still large gaps in the literature that future studies should aim to assess.

First, all of the current literature used cross-sectional designs, making it impossible to infer direction of effects. As such, it is still unknown whether poor sleep quality causes sleep paralysis or if sleep paralysis leads to poor sleep quality. As hypothesized previously, it is likely a bidirectional relationship. Factors such as genetics and particular stressors lead to a reduction in sleep quality, increasing the likelihood of sleep paralysis. In turn, if there is enough fear/associated distress, experiencing sleep paralysis may lead to a further decrease in sleep quality through maladaptive behaviors such as trying to stay awake to avoid an episode. Only in studies taking a longitudinal approach, perhaps using diary or experience sampling approaches, will the exact nature of the relationship be unraveled.

A second limitation of the literature to date is that the majority of research has been interested in simply the presence of lifetime episodes (ie, at least one episode in life) or the simple frequency of episodes. Associated features such as hallucinations, fear, and episode distress have been investigated far less frequently despite the fact that these aspects are likely of most relevance to individuals. Future research linking sleep paralysis to sleep quality should endeavor to stop using single-item measures of sleep paralysis occurrence, as has been the norm to date, in favor of more detailed questionnaires and clinical interviews. A few examples of such measures are the Waterloo Unusual Sleep Experiences Questionnaire, the Unusual Sleep Experiences Questionnaire, and the Fearful Isolated Sleep Paralysis Interview (FISPI).[@b22-nss-10-355],[@b84-nss-10-355],[@b107-nss-10-355],[@b108-nss-10-355] Currently, the FISPI is the only measure to tap into both the frequency of episodes and the associated features of hallucinations, fear, distress, and interference with waking life.

Objective studies of sleep paralysis are limited in their number, with only a handful of studies being conducted. This is partially due to the difficulty investigating sleep paralysis in a laboratory environment. One approach for future studies could be to make use of home monitoring devices such as portable PSG over an extended period of time (possibly as part of a longitudinal investigation of sleep paralysis), which could capture sporadic episodes of sleep paralysis as they occur. A second approach would be to use an intensive case study design, where a few individuals who do have nightly/multiple episodes per week spend multiple nights in the laboratory to maximize the number of sleep paralysis episodes that are recorded. Similar approaches have been successfully used to study sleep onset mentation and hypnagogic hallucinations.[@b109-nss-10-355],[@b110-nss-10-355]

Conclusion
==========

Our knowledge about sleep paralysis is still in its infancy. Nevertheless, good progress has been made in terms of investigating associations between sleep paralysis and other aspects of sleep. This research has shown sleep paralysis to be linked to more general sleep quality and insomnia symptoms. Furthermore, it appears that sleep paralysis does not necessarily occur in isolation, but frequently co-occurs with other sleep experiences such as nightmares and exploding head syndrome. Now, research needs to address the directionality of observed effects, in order to separate out the causes from the consequences of sleep paralysis.
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![Physiology associated with SP.\
**Notes:** (**A**) Hypnograms of five participants reporting SP. Each arrow indicates the awakening points when the participant reported SP. Note the close association between SP and REM sleep. Taken from the study by Takeuchi et al.[@b65-nss-10-355] (**B**) PSG recording during an SP episode. EEG shows REM activity mixed with abundant alpha. Both rapid and slow eye movements can be seen in the EOG channels. Muscle activity (measured by the EMG) remains flat throughout until the participant fully awakens at the end of the recording. Taken from the study by Takeuchi et al.[@b15-nss-10-355] (**C**) Spectral EEG data showing (clockwise from top-left) eyes closed waking, REM sleep, SP, and "reconstructed" SP by statistical combination of waking and REM sleep activity. Taken from the study by Terzaghi et al.[@b66-nss-10-355] (**D**) The AIM state-space model.[@b69-nss-10-355] SP is characterized by high activation, mixed internal/external input, and mixed neuromodulation.\
**Abbreviations:** AIM, activation-input-modulation; FFT, fast Fourier transform; LD, lucid dreaming; NREM, nonrapid eye movement sleep; REM, rapid eye movement sleep; SP, sleep paralysis.](nss-10-355Fig1){#f1-nss-10-355}
